The temporal courses of dipeptidyl peptidase IV γ-glutamyltransferase and alanine aminopeptidase were followed over 70 days in the morning urine of 15 healthy persons. Subsequent to basic statistical analysis a two-step procedure was performed, including spectral analysis and the fit of a cosine function by non-linear regression. The excretion of the 3 enzymes followed an infradian biorhythm with a mean period length of 10.04 for dipeptidyl peptidase IV, 13.34 for γ-glutamyltransferase and 10.17 for alanine aminopeptidase. In addition to the basic rhythmic process described by the fitted cosine functions, in most of the enzyme patterns steap peaks of very high excretory activity appeared which was verified in repeated measurements.
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Alanine aminopeptidase activity was accessed at 37 °C by monitoring the increase in absorbance at 405 nm over 5 min. The final concentrations in the reaction mixture were: 2mmol/l alanine-4-nitroanilide in 50 μιηοΐ/ΐ Tris, pH 7.80 (7) .
Dipeptidyl peptidase IV activity was measured by a continuous method using glycylproline-4-nitroanilide as substrate (0.5 mmol/1) in 100 mmol/1 tricine-buffer pH 7.40. The absorbance was determined at 405 nm after 2 min incubation at 37 °C (8) .
Results were expressed as enzyme activity (kat) per mol urinary creatinine. Creatinine was assessed by a kinetic method.
Subsequent to basic statistics a two-step procedure was applied to determine the rhythmic components of the time series:
1. The original data were subjected to a spectral analysis as described in detail in I.e. (9) . A *peak' in the power spectrum (plot of spectral density versus period) indicates that harmonic components of the 'peak' period length provide a prominent contribution to the total energy of the whole time series. Therefore, only these periods are relevant and should be considered. The sharpness of such a peak depends strongly on the length of the time series, and it is reduced by sampling error, the intrinsic biological variability and by dynamic changes that might occur in the biological rhythms.
2. The peak period lengths from spectral analysis served as initial values for the fit of a cosine function to the original data by non-linear regression. As a result estimates of mesor (M), amplitude (A), period (T) and phase (Φ) 95% confidence intervals were obtained.
Results
In addition to random variations, the individual patterns of all three enzymes display regularly occurring maxima of enzymuria. Also, most of the patterns show steap peaks of a very high excretory activity.
As an example, the dipeptidyl peptidase IV-, γ-glutamyltransferase-and alanine aminopeptidase-values of volunteer 1 are plotted in figures 1 -3. As proved by repeated measurements, these prominent peaks are not caused by errors in the determination of enzyme activity. The plot of all data as individual chronograms allowed a rough assessment of whether the time series were convenient for the application of the mathematical time series analysis.
The results of the statistical analysis provided a basic characterization of the data. As compiled in tables 1-3, the time patterns display distinct individual differences with respect to mean and variability. In some individuals a tendency to high (3, 12, 13) and low (1, 7, 8) coefficients of variation, respectively, is obvious. The generally high variability corresponds to the supposed presence of periodic components in the time series, which, however, must be verified by spectral analysis.
The results of the spectral analysis (depicted as power spectra in figure of the results of both applied mathematical methods demonstrated that the higher the energy density of the dominant components in the power spectrum, the greater their relevance for the time sieries and the better these periods correspond to the results of the subsequent non-linear regression.
Thus, the period of 11.3 days clearly dominating in the power spectrum of the dipeptidyl peptidase IV data of volunteer 1 corresponds exactly with the per riod of 11.22 ± 0.39 calculated by non-linear regression, whereas the coincidence between the flat peaks in the power spectra of γ-gl tamyltransferase and alanine aminopeptidase and the respective estimates of non-linear regression is lower (table 4 -6) . In cases such as the latter two, one should be cautious in interpreting the peaks in the power spectra. However, in most cases the spectral analysis yielded clearly dominant periodic components and provided suitable start values for the following regression. The results compiled in tables 4-6 indicate a remarkable variability of the calculated periods with a range of 2 to 44 days. The calculated averages for the investigated sample are in the same range (χ ± s); dipeptidyl peptidase IV: 10.04 + 6.67; γ-glutamyltransferase: 13.34 + 10.22; alanine aminopeptidase: 10.17 + 6.68. The results of the spectral analysis and multiple regression, together with the dipeptidyl peptidase IV patterns, seem to be more suited for a cosinefit than the γ-glutamyltransferase and alanine aminopeptidase data. In one case, the γ-glutamyltransferase excretion pattern of volunteer 3 (table 5) , the fit of a cosine wave did not result in a significant amplitude. Four of the volunteers (5, 7, 8, 14) displayed a clear circaseptan (7 ± 1 days) rhythm in the dipeptidyl peptidase IV excretion, but only two in the excretion of γ-glutamyltransferase (4,13) and alanine aminopeptidase (1, 8) . The dominant period length can be very different for the enzymuria of dipeptidyl peptidase IV, γ-glutamyltransferase and alanine aml· nopeptidase in one and the same person (e. g. volunteers 2, 6). On the other hand, in; a few individuals, a general tendency to short (11) arid long periods (15), respectively, is evident. The only single work of its kind in English, the Concise Encyclopedia of Biochemistry provides a comprehensive, yet compact, source of biochemical data and information for the researcher, teacher, and student. Following a five-year program of collecting and editing new material, as well as the revision of existing entries, the author-editors and the publishers are pleased to announce the new expanded Second Edition of this valuable reference work. Major entries concerning the latest developments in DNA structure, synthesis, sequencing, binding proteins and methods, oncogenes, lymphokines and other newly discovered regulatory peptides, structural proteins, inositol phosphates, and protein kinases have been added. Graphic illustration has been given high priority, so that regulatory processes, transport, subcellular structures, etc. are abundantly and clearly illustrated. The coverage of plant biochemistry has also been greatly expanded. Another new addition is a section on buffers which will be useful to anyone involved in laboratory work. Because of its comprehensiveness and multidisciplinary nature, we are sure that you will find it an indispensable reference tool.
Special features of this edition include: Ο Approximately 4,500 entries Ο Up-to-date, comprehensive Ο Coverage of medical, animal, microbial, plant, and physical biochemistry, natural products, molecular biology, molecular genetics, and biotechnology Ο Hundreds of illustrations, including structural formulas, schemes, and metabolic pathways Ο Over 100 tables Ο Modern terminology based on standard sources, e. g., IUB Enzyme Nomenclature Ο Standard biochemical abbreviations Ο Extensive cross references with synonyms provided Ο Literature references are cited to aid the reader in locating original sources Potential audience: biochemists, clinical biochemists, clinical chemists, medical researchers, clinicians, plant scientists, experimental biologists, lecturers and students of the life sciences. Tab. 6. Results of non-linear regressions used for fitting cosine functions to the excretion patterns of alanine aminopeptidase.
Mesor (M), amplitude (A), period (T), phase (Φ) and the respective 95% confidence limits of the best fitting cosine functions are given. M in μkat/mol creatinine A in μkat/mol creatinine T in days, Φ in days 
Discussion
The presented results demonstrate that enzymuria undergoes significant infradian changes in man. Hence, rhythms in enzymuria are not restricted to one frequency domain, but they cover at least a range from periods of a few hours (3) to 44 days as shown here.
The variability in the period length of all 3 enzymes confirms the experience that in man fhythmicity is very often rather an individual than an interindividually synchronized event. Whereas for most mammals light is the main 'Zeitgeber', in man the social environment acts as the most powerful entraining agent (10) . In that our volunteers were not hospitalized their social regime and, hence, the phase of their 'Zeitgeber' was different. Therefore, it is not surprising that animals with a nearly indentical genotype, housed under the same lighting conditions show a good phase coincidence, as observed in Wistar rats (3), but human beings living under different social conditions fail to show the same intermdividual synchronization.
The chosen mathematical two-step procedure ensures high reliability of the results. The disadvantage of the relatively short time series for performing spectral analysis as well as the insensitivity of spectral analysis to slight trends in the time series could be overcome by applying the non-linear regression as a final step. However, it must be emphasized, that although time series analysis is a very useful tool in analysing biological data in time, one should be cautious in interpreting the results of such procedures.
From the parallel plot of the original data and the calculated cosine only one part of the time series' periodic component can be described by a cosine function. Steep peaks of enormous excretory activity regularly appearing in most of the excretion patterns seem to overlay the basis rhythmic process, featured by the fitted cosine wave. Therefore, it can be deduced that periodicity in enzymuria represents a complex phenomenon perhaps regulated by different internal pacemakers. The kidneys appear to contain their own pacemakers which are under control of 'master oscillators' in the CNS (11, 12) . However, at present the concrete genesis of the rhythms in enzymuria is still a matter of speculation.
Urine enzyme catalytic activities have been known to be affected by exogenous pharmacological (13, 14) and endogenous circadian, sex-specific, hormonal and genetic (4, 5, 15 -17) influences. The elaborated infradian changes add a new systematic factor to this spectrum. But, as long as the biological mechanisms underlying such changes are not clear the changes themselves are not predictable. Thus, they appear as biological noise and make it difficult to discriminate between normal and pathological conditions.
What Are the Implications of our Findings for the Clinic?
The described infradian rhythms in enzymuria exhibit changes of 100% and more. Therefore, it is recommendable to gather several urine samples of one patient on consecutive days and to use the mean (after J. Clin. Chem. Clifi. Biochem. / Vol. 26,1988 / No. 8 removing outliers) or the median (the value in the middle of all measurements ordered according to size) as a basis for diagnosis.
In this context the question arises of whether it is possible to optimize the effect and to minimize sideeffects of nephrotropic drugs in applying them at certain stages of the infradian rhythms. In the case of circadian rhythms this principle was used by Levi et al. (18) to minimize the nephrotoxic effects of cisdiamminedichloroplatinuin in rats. This problem as well as the examination of an age^-dependency of the rhythms in enzyme excretion require further investigation.
